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Introduction
The Iranian Light Source Facility (ILSF) will be the first Iranian synchrotron light laboratory. It is presently in its design stage and will be built in the city of Qazvin located 150 km west of Tehran.
It is conceived as a national synchrotron light source to provide a powerful source of X-ray. It will cover requirements of the researchers in various scientific disciplines and will provide a major impetus for the multidisciplinary sciences [1] . The conceptual design report was issued by the end of 2011. The present draft design is a 3 GeV, 3 rd generation light source with a circumference of about 500 m and a horizontal emittance of a storage ring of 275 pm-rad providing light for research from the infra-red to hard X-rays region beyond 10 keV [2] . Forseen as day one beamlines are a protein crystallography line, small and wide angle x-ray scattering (SAXS/WAXS) beamlines for material science, UV/VUV/SXR, photoelectron spectroscopy and photon absorption spectroscopy, IR spectroscopy and EXAFS [3] . Each beamline will be equipped with dedicated detector systems. Besides high energy and astrophysics [4] position-sensitive X-ray detectors based on multiwire gas proportional chambers have been utilized for many applications in synchrotron experiments such as X-ray crystallographic studies involving SAXS/WAXS experiments and protein crystallography [5, 6] . Although tapered CCD/CMOS based detectors [7] and hybrid pixel detectors have been developed and routinely used for these applications Multi-Wire proportional Counters (MWPCs) feature certain characteristics which render them still suitable for the aforementioned experiments.These characteristics involve a high and easily adjustable Detective Quantum Efficiency (DQE) over a very wide dynamic range, a low dead time hence a high frame rate capability, the ability to simultaneously determine both the position and energy of each photon [8] and eventually a very attractive per pixel expenditure. The former are especially of interest when recording X-ray diffraction patterns [9] with synchrotron radiation.
In this paper, we study a MWPC as a position sensitive detector for the foreseen diffraction beamlines at ILSF. Attention was drawn to the right choice of conversion gas and gas pressure, as well as to the delay line for position readout. GMSH [10] , ELMER [11] and Garfield++ [12] packages have been employed for the detector design and optimization of other parameters. Moreover, the fabrication and test results of a prototype MWPC with 10 × 10 cm 2 active area are presented.
Principles of multi-wire proportional chamber (MWPC)
The position sensitive MWPC was invented 1968 by the group of George Chapark [13] and remains still the workhorse for many particle detectors in high-energy physic. Morover, these detectors are widely used in the detection of X-rays, neutron and charge particle [14] . Basically the MWPC discussed here consists of a noble gas filled enclosure comprising an anode plane (10 × 10 cm 2 ) consisting of 25 µm wires (pitch 2 mm), which is bracketed by two cathode planes both featuring the same spatial dimensions. The latter can be fabricated either utilizing wires or strips printed on printed circuit boards. As indicated in figure 1 the MWPC described here utilizes both wire (25 µm) and strip based cathodes arranged perpendicular to each other in order to yield the position of the avalanche in two dimensions. The distance between the anodes and cathode planes is 3 mm, respectively. The for x-rays semitransparent window, a 25 µm thick aluminized Mylar foil, is set on a potential of 300 V and in combination with the grounded wire cathode plane defines the conversion volume of the MWPC. Charges generated mainly through the photoelectric effect drift to the anode plane, which is hold on a potential of typically +1200 V. When such high voltage is applied to the anode wires charge amplification occurs and avalanches are formed in the vicinity of the anode wires. The induced charge on the two cathode planes is used to determining the position of incident radiation. Such position encoding can be obtained in different ways such as standard methods for instance using the center of gravity method, or the method of charge division [15] . One of the earliest and simplest methods of position encoding is the delay line technique [16, 17] that is well established and is still widely used. Here an external delay line comprising a network of inductance-capacitance (LC) arranged in a low pass band filter arrangement and which is coupled to the cathode planes of the chamber delays the signal propagation towards the two readout nodes.
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The position of avalanche or incident radiation is determined by the difference in propagation times from the point of incidence to the respective end nodes. From the point of view of spatial resolution, it is better to choose a delay line with longer delay time, but this will decrease the efficiency. For a given capacity C and inductance L, the relation between the number of cathodes and the delay is given by:
where N is the number of sections, T D is the total time delay of the line and Z 0 the impedance of detector.
Simulation
The formation of the signal in the MWPC depends on the arrangement of the electrodes and on the geometry such as wire planes spacing, pitch, wire diameter of the anode plane and cathode planes. Moreover, gas composition and gas pressure are the influencing parameters. The behavior of this detector has been simulated in relation to these parameters and will be presented for the MWPC discussed here. Mainly simulations have been performed utilizing the Garfield++ [12] code , which has been developed at CERN in 1984 for the detailed simulation of particle detectors. For the simulation of the transport properties of electrons in gas mixtures Magboltz has been applied. Moreover, for simulating the ionization of gas molecules HEED was used that allows the user to track some primary particles and also secondary particles. It should be noted that the GMSH [10] is used for creating geometries and provides some post processing features like meshing. Eventually the Elmer [11] software has been used to calculate the electrostatic fields using the mesh. During this process one can assign materials to the different parts of the geometry and specify the properties of the materials (such as the dielectric constant) and boundary conditions.
Geometry
As in the most of MWPC it is a fairly complex task to obtain spatial information from the anode plane but it is relatively easy to determine energy of the x-rays. Technically it is far less complex to measure the induced charge distribution on the cathode planes. The charge distribution on the cathode and its effect on the determination of position resolution has been investigated by several authors [18] [19] [20] . A theoretical model to measure the charge distribution was proposed by Endo et al. [21] . Calculations of induced charge distributions by Gatti et al. [22] are invaluable in determining the cathode strip geometry. The width of the readout strip w must be comparable to the width of the induced charge distribution d in order to avoid differential non-linearities for the position interpolation. Theoretical and experimental studies show that the non-linearity is negligible when w ≤ 0.8d [23] . The result of simulation for a number of different geometry is depicted in figure 2 and indicates that with higher pitch and smaller cathode strip spacing the signal increases. Therefore by using the Garfield++ software and taking into consideration the physical limitations of the detector design, it turned out that w = 1.5 mm and pitch = 0.5 mm is the best solution for the present prototype. 
Gas filling
Among other experimental requirements, the choice of gas is one of most important factors in the detector performance. Several characteristics of gas filling are investigated in this study: which included the gas mixture and the gas pressure. Noble gas possesses specific properties that are useful for x-ray absorption, for charge drift, charge multiplication and charge collection. Regarding the x-ray absorption it was shown by J. FISCHER et al. [24] Xenon at atmospheric pressure would be sufficient. At x-ray energies above 15 keV, higher pressure of xenon or krypton are required to maintain good absorption efficiency. For the application of synchrotron radiation with low photon energy (from 3.2 keV-5 keV) Argon at normal pressure will be sufficient. However, high gas gains in the order of 10 3 -10 4 as required in the discussed MWPC cannot be preserved in pure noble gases due to continuous discharges. To avoid these discharges polyatomic quench gases are added that feature high absorption cross-sections for UV photons, which are generated during the avalanche process and which are sources of additional photoelectrons. Here CO 2 was chosen as quencher because of its lower decomposition rate and subsequently the lower formation of (organic) deposits on electrodes. Therefore our simulations were restricted to Ar gas mixtures. Figure 3 depicts the results of the simulation for four possible gas mixtures for our detector. With respect to the signal high but also the signal length a 90% Argon and 10% CO 2 should be preferable. Therefor the gas mixture employed for the detector will consists in a mixture of. Ar 90% CO 10% which enables us to operate the MWPC at lower anode voltage.
Gas pressure
Gas pressure is second parameters influencing the x-ray absorption efficiency and the gas gain of the detector. Although the absorption efficiency increases with increasing gas pressure and the parallax boarding in wide angle scattering experiments is decreased the higher gas density on the other hand causes the reduction of the drift velocity and subsequently the reduction of the Townsend coefficient, which drives the gas gain. While the reduced field E/P (electric field divided by the gas pressure) is high in low pressure MWPCs and therefore charge multiplication occurs in the constant field region around the anode wire under high pressure conditions charge multiplication occurs only at the close vicinity of the wires (Brekin et al. [25, 26] and F.Ortuno-Prados et al. [27] ). This has some drawbacks especially during high rate operations, which often occur in small angle x-ray scattering experiments.
Therefor the effect of the gas pressure for the Ar 90% and CO 2 10% gas mixture (at 300 K) has been simulated on the response of detector. The signal height varies only slowly with the gas pressure; however, maximum amplitude is given for a gas pressure of 2 bars. In any case the results are very promising since it allows to a certain extent to tune the x-ray absorption efficiency depending just by varying the gas pressure, which is a valuable feature when using this detector in different applications with synchrotron radiation. With the help of the simulations the parameters of the multi-wire proportional chamber (MWPC) are considered as indicated in table 1. 
Set up of the test detector and experimental results
According to the design parameters as listed in table 1 a prototype detector and the associated readout were developed at the ILSF ( figure 5 ). For the tests regarding gas mixtures and gas pressures a dedicated gas mixing and purification system (RPC) has been developed as well. Primary functional tests have been carried out using an 55 Fe source which revealed that the detector is working in proportional mode. Once the right potential on the anode plane has been determined first simple proof of principle tests regarding the position encoding have been accomplished. For this the four delay line signals (two start and two stop signals from the x and the y delay line) were fed into a Tektronix oscilloscope which allowed to record the signal height and the respective signal timing. The x-ray source was moved manually to different positions and the traces were stored. The traces for two specific positions (x-ray source at the upper left and upper right corner of the sensitive volume of the detector) are depicted in figure 6 , whereas the start signals are shown in green while the stop signals are represented by the purple trances. The delay between the start and stop signal are in the order of 2 µs while the signal is in the order of 10 mV. Of note is that the signal is hardly attenuated while running from one extreme to the other.
Conclusions
This paper describes a 2-D position sensitive detector based on a MWPC with delay line position readout for the ILSF. The design and optimization of the MWPC is based on the outcome of some detector simulations utilizing the GMSH, ELMER and Garfield++. A prototype detector with an active area of 10 × 10 cm 2 has been developed and fabricated at the ILSF according to these design parameters. First proof of principle tests regarding the position encoding have been accomplished. At the moment the detector is prepared for first synchrotron radiation experiments to be carried out at Elettra.
